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SYSTEM FOR TRACKING VESSELS IN
AUTOMATED LABORATORY ANALYZERS
BY RADIO FREQUENCY IDENTIFICATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to systems that utilize automated
laboratory analyzers, and more particularly, systems that uti-
lize automated laboratory analyzers that require identification
of containers for biological samples and reagents.

2. Discussion of the Art

Previous implementations for identification of reagents
and other consumable 1tems for automated laboratory analyz-
ers have utilized barcode technology. Barcodes have been
attached to items of interest, such as, for example, reagent
containers, sample containers, e€.g., test tubes, and test tube
racks, and selectively scanned by a barcode reader for the
purpose of 1dentification and tracking of information associ-
ated with these 1tems.

Barcode technology has several limitations that inhibit
optimally eflicient architectures of automated analyzers for
use 1n laboratories. Reading barcodes requires a direct line-
of-sight from the barcode reader to the barcode. In addition,
the barcode typically occupies a large portion of the surface of
a reagent container or test tube. Because the barcode occupies
such a large surface area, the reagent containers and the
sample containers must be separated by a great distance, and,
consequently, the reagent containers and the sample contain-
ers consume a large area of the analyzer. Another adverse
cifect ofthe use of a large area of the analyzer 1s that the range
of motion for aspirating devices, such as, for example,
pipettes, and reifrigeration equipment must be greatly
increased. Still another adverse effect of barcode technology
1s that barcode readers of increasing complexity must be used
because the barcode readers require variable depths of field.
The s1zes of barcodes and the surfaces of the reagent contain-
ers and sample containers limit the amount of data that can be
associated with the containers. Barcodes cannot be updated to
account for changes in the amount of reagent or sample, 1.e.,
the number of tests remaining, or the on board expiration date
of the reagent after the reagent container has been opened.
Furthermore, cleaning and alignment of barcode reader win-
dows account for about half of the barcode reading problems
reported 1n the field.

Radio frequency identification (hereinafter alternatively
referred to as “RFID”) technology can be used as a replace-
ment for barcodes and barcode readers in order to promote
more elficient architectures for analyzers. RFID tags can be
placed on a small portion of the surface of a reagent container
and read 1n close proximity to a RFID reader, thereby mini-
mizing the area required of the analyzer, and further minimiz-
ing the range of motion required for aspirating devices, e.g.,
pipettes, and refrigeration equipment. RFID tags typically
utilize silicon-based memory chips, which can contain many
times more iformation than can barcodes. RFID tags can be
written to and can be updated with information relating to the
analyzer, the environment, and the reagent container, thereby
providing improved functioning of the analyzer, improved
chain of custody, and improved safety to consumers. RFID
tags can be read 1n a wide range of environmental conditions,
with the result that cleaning and alignment of barcodes are not
required.

There have been some attempts to utilize RFID tags in the

environment of automated laboratory analyzers. See, for
example, U.S. Pat. No. 6,879,876; U.S. Patent Application

Publication No. 2004/0258565; U.S. Patent Application Pub-
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lication No. 2005/0019943; U.S. Patent Application Publica-
tion No. 2005/0036907; U.S. Patent Application Publication

No. 2005/0106747; U.S. Patent Application Publication No.
2005/0186114; WO 2004/044824; and WO 2005/024385. U.
S. Patent Application Publication No. 2008/0024301, incor-
porated herein by reference, discloses a system for automa-
tion of laboratory analyzers that utilizes radio frequency 1den-
tification (RFID) tags and radio frequency identification
(RFID) readers to identily containers and vessels, and the
contents thereotf, that are employed 1n the system. Radio
frequency 1dentification tags, conforming to the guidelines of
ISO 18000 and either of ISO 14443 or ISO 15693, are posi-
tioned on the 1items of 1nterest, such as, for example, reagent
containers, sample containers, and microplates. These tags
can be read by and written to by either a moving antenna
connected to a RFID reader or a stationary antenna connected
to a RFID reader. Reading of RFID tags and writing to RFID
tags are controlled by software.

There 15 a desire for a system for updating data relating to
samples and reagents. There 1s a desire for a system that
cnables movement of areagent from one automated system to
another 1n the case of the failure of an automated system or a
reallocation of the workload of an automated system. There 1s
a desire for an automated system that enables the updating of
the demographics of patients, whereby the results of the
assays of numerous biological samples can be correlated with
various statistics associated with those patients providing the
biological samples.

SUMMARY OF THE INVENTION

This mvention provides a system for automation of labo-
ratory analyzers that utilizes radio frequency identification
(RFID) tags and radio frequency identification (RFID) read-
ers to 1dentily containers and vessels, and the contents
thereol, that are employed 1n the system. Radio frequency
identification tags, conforming to the guidelines of ISO
18000 and either of ISO 14443 or ISO 15693, are positioned
on the items of interest, such as, for example, reagent con-
tainers, sample containers, and microplates. These tags can be
read by and written to by a stationary antenna connected to a
radio frequency identification reader. Reading of radio ire-
quency 1dentification tags and writing to radio frequency
identification tags are controlled by software.

In one embodiment, the system includes at least one sta-
tionary radio frequency i1dentification reader. In order for the
at least one radio frequency i1dentification reader to read data
from a radio frequency identification tag associated with a
container, the container 1s caused to move to a position proxi-
mate to, and preferably in register with, a given antenna
connected to the radio frequency identification reader. The
power of the radio frequency 1dentification reader 1s attenu-
ated to a level such that the given antenna 1s required to be 1n
close proximity to the radio frequency identification tag,
whereby the amount of noise and interference from nearby
radio frequency identification tags on other containers are
insuificient to adversely afiect the integrity of the data
received by the given antenna connected to the radio 1ire-
quency 1dentification reader.

According to one embodiment, each antenna, which 1s a
trace on a printed circuit board, functions as a separate
antenna for a radio frequency i1dentification reader. In other
words, the radio frequency 1dentification reader 1s connected
to a plurality of antennas, each antenna positioned at a differ-
ent location. The dimensions of the antenna are important,
because the dimensions of the antenna determine the density
of the radio frequency energy used. The length of the antenna
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need not correspond to some multiple of wavelength of radio
frequency energy, e.g., one-hall wavelength, one-quarter
wavelength.

Initially, 1t was believed that both the antenna connected to

the radio frequency 1dentification tag were required to have a

ength that was a fraction of the wavelength. Typically, anten-
nas for receiving radio frequency signals are designed for Y4
or 2 wavelength. For example, to calculate a quarter wave-

length dipole FM antenna:
3x10® m/sec divided by 92x10° cycles/sec equals 3.26
meters. One quarter of 3.26 meters equals 0.815 meter,
which 1s approximately 32 inches, which 1s the approxi-
mate size of an automobile antenna

(Given a frequency of 13.56 MHz, this wavelength would
be 22.1 meters/cycle. Based on this value, even a very small
fraction of the wavelength would require a very large antenna.
Although this theory 1s used to design antennas for far field
applications, another phenomenon was taking place 1n the
near field region between the radio frequency i1dentification
reader and the radio frequency identification tag. Near field
coupling occurs when two resonant circuits are suificiently
close so that a passive circuit could be stimulated by the active
circuit. Thus, using the same frequency of 13.56 MHz, the
inductance of the antenna could be matched to a capacitor and
cause the circuit to resonate at 13.56 MHz, regardless of the
length of the antenna. Frequency 1s equal to [1 divided by
2ntimes the square root of the product of inductance (L) and
capacitance (C)].

In order to implement the system of this invention, a radio
frequency 1dentification tag can be positioned on the lower-
most portion of a container. It 1s often desirable to position an
encapsulated radio frequency identification tag on the lower-
most portion of a container.

In another aspect, a method 1s provided whereby the sys-
tem previously described can read the data from radio fre-
quency 1dentification tags attached to containers.

The system described herein provides the ability to aggre-
gate read information with a container in addition to the
sample identifier or the reagent identifier. For sample contain-
ers, read information, other than the sample i1dentifier, can
include (a) demographics of patients, (b) the date the sample
was obtained, (¢) the test(s) to be performed upon the sample,
(d) the type of sample, (¢) the type of container, etc. The
system provides the ability to track shipping and storage
conditions that may affect the integrity of a biological sample.
In addition, the system can be used for writing information,
such as, for example, centrifugation operations performed,
aspiration operations performed, potential contamination or
dilution of a sample by material carried over by the tip of an
aspirating device, temperature conditions of the sample,
freeze-thaw conditions of the sample, eftc.

For reagent containers, read information, other than the
reagent 1dentifier, can mclude (a) calibration data for the
reagent, (b) lot number of the reagent, (¢) serial number of the
reagent, (d) identification of components of the reagent, (¢)
identification of the assay, (1) expiration date of the reagent,
(g) kit size, (h) package msert information, (1) material safety
data sheet, (j) assay protocol, etc. The system provides the
ability to track shipping and storage conditions that may
alfect mtegrity of a reagent. In addition, the system can be
used for writing information such as (a) tests remaining, (b)
on-board expiration date (after the contaimner has been
opened), (¢) aspiration operations performed, and (d) poten-
tial contamination or dilution of samples and reagents by
material carried over by the tip of an aspiration device, eftc.

the radio frequency identification reader and the antenna of >
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For microplates, read information, other than the micro-
plate 1dentifier, can include (a) manufacturing lot number of a
microplate, (b) serial number of a microplate, (¢) expiration
date of the reagent(s) in the microplate, etc. The system
provides the ability to track shipping and storage conditions
that may affect integrity of the microplate. In addition, the
system can be used for writing information such as (a) date
used, (b) processing steps performed, (¢) on-board expiration
of the microplate (after the microplate has been opened), etc.

The use of aradio frequency 1dentification system allows a
more compact physical architecture than would be possible
with barcode technology by eliminating line of sight and
spatial separation requirements, (b) improving reliability (in
extreme environments) of reading information on a container,
vessel, and microplate. The use of a radio frequency 1dentifi-
cation system also enables proper physical orientation of
containers, 1.e., the system ensures that a given container,
vessel, microplate 1s 1n the proper location prior to its use.

Radio frequency 1dentification can be used to increase the
quantity of information on the container, the vessel, or the
microplate. In addition, a radio frequency identification tag,
can be updated; a barcode cannot be updated. Furthermore,
the information can be directly linked to a database, thereby
providing (a) improved functioming of automated analyzer(s)
in a system, (b) improved chain of custody, 1.e., improved
information relating to locations occupied by a given con-
tainer 1n the present and at times previous to the present, and
(c) improved safety to patients by ensuring accurate results of
assays. This information includes information relating to the
analyzer, the environment, 1.¢., the environments experienced

during shipping, storage, and usage of the contents of the
container.

The system also provides the ability to positively verily a
sample or identily a reagent during aspiration or dispensing,
thereby enabling an operator of the system to be given physi-
cal access to samples and reagents, except for those samples
and reagents currently being aspirated or dispensed. Physical
access to samples or reagents currently being aspirated or
dispensed should be prohibited to the operator 1n order to
ensure the safety of the operator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view ol a sample container
carrier holding two sample containers, 1.e., sample tubes.
Radio frequency identification tags are attached to the low-
ermost ends of the sample tubes.

FIG. 2 1s a side view 1n elevation showing two reagent
container carriers holding three reagent containers. Radio
frequency i1dentification tags are attached to the lowermost
ends of the reagent containers. The contents of one of the
reagent containers shown are used in clinical chemistry
assays. The contents of two of the reagent containers shown
are used 1n 1mmunoeassays.

FIG. 3 1s a perspective view showing a microplate. A radio
frequency identification tag 1s attached to the base of the
microplate.

FIG. 4 1s a top plan view of a portion of an area of a system
for storing and staging sample containers of the type shown 1n
FIG. 1, reagent containers of the type shown in FIG. 2, and
microplates of the type shown 1n FIG. 3.

FIG. 5 15 a top plan view of one embodiment of a printed
circuit board having an array of radio frequency 1dentification
antennas. The printed circuit board shown in FIG. 5 can be
used with the portion of the area of the system shown 1 FIG.

4.
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FIG. 6 1s a top plan view of another embodiment of a
printed circuit board having an array of radio frequency 1den-
tification antennas. The printed circuit board shown 1in FIG. 6
can be used with the portion of the area of the system shown
in FIG. 4.

FI1G. 7 1s a circuit diagram illustrating circuits connecting a
radio frequency identification reader/writer transceiver to

antennas allocated 1n banks of antennas on a printed circuit
board. Each bank circuit contains an attenuation component.

FIG. 8 A 1s atop plan view of a multi-layered printed circuit
board supporting a plurality of antennas connected to a radio
frequency 1dentification reader. The top layer comprises two
columns of antennas. The bottom layer comprises one col-
umn of antennas. In FIG. 8A, the antennas of the bottom layer
are shown 1n phantom.

FI1G. 8B 1s a top plan view of a multi-layered printed circuit
board supporting a plurality of antennas connected to a radio
frequency 1dentification reader. The top layer comprises two
columns of antennas. The bottom layer comprises one col-
umn of antennas. In FIG. 8B, the antennas of the top layer are
shown 1n phantom.

DETAILED DESCRIPTION

As used herein, the expression “radio frequency i1dentifi-
cation”, or “RFID”, 1s a generic term for technologies that use
radio waves to automatically identify objects, such as, for
example, containers for biological samples and containers for
reagents for analyzing biological samples. The most common
method of 1dentification 1s to store a serial number that 1den-
tifies the object, and perhaps other information relating to the
object or contents thereof, on a microchip that 1s attached to
an antenna. The microchip and the antenna together are called
a radio frequency i1dentification transponder or a radio fre-
quency 1dentification tag. The antenna enables the microchip
to transmit the 1dentification mnformation and other informa-
tion to an antenna connected to a radio frequency 1dentifica-
tionreader. The radio frequency 1dentification reader converts
the radio waves transmitted from the radio frequency 1denti-
fication tag into digital information that can then be passed on
to computers that can make use of 1t.

As used herein, the expression “radio frequency identifi-
cation system”, or “RFID system™, comprises a radio ire-
quency 1dentification tag made up of a microchip with an
antenna, and a radio frequency 1dentification interrogator or
radio frequency identification reader with an antenna. The
radio frequency identification reader sends out electromag-
netic waves. The tag antenna 1s tuned to receive these waves.
A passive radio frequency identification tag draws power
from the field created by the reader and uses 1t to power the
circuits of the microchip. The microchip then modulates the
waves that the passive radio frequency identification tag
sends back to the radio frequency 1dentification reader, which
converts the waves recerved by the radio frequency identifi-
cation reader into digital data.

As used herein, microchips in radio frequency identifica-
tion tags can be “read-write microchips™, “read-only micro-
chips”, or “write once, read many microchips.” In the case of
read-write microchips, information can be added to the radio
frequency i1dentification tag or existing information can be
written over when the radio frequency identification tag 1s
within range of a radio frequency 1dentification reader. Read-
write microchips usually have a serial number that cannot be
written over. Additional blocks of data can be used to store
additional information about the items to which the radio
frequency 1dentification tag is attached. These radio fre-
quency 1dentification tags can be locked to prevent overwrit-

ing ol data or encrypted to prevent the disclosure of propri-
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ctary data or disclosure of data that would compromise the
privacy of a patient. Read-only microchips have information
stored on them during the manufacturing process. The infor-
mation on them can never be changed. Write once, read many
microchips have a serial number and other data written to
them once, and that information cannot be overwritten later.

As used herein, the expression “active radio frequency
identification tags™ have a transmitter and their own power
source, typically a battery. The power source 1s used to run the
microchip’s circuitry and to broadcast a signal to a radio
frequency 1dentification reader. The microchip’s circuitry can
possibly perform some sort of momitoring function. “Passive
radio frequency identification tags™ have no battery. Instead,
passive radio frequency identification tags draw power from
the radio frequency identification reader, which sends out
clectromagnetic waves that induce a current in the tag’s
antenna. “Semi-passive tags™ use a battery to run the micro-
chip’s circuitry, but communicate by drawing power from the
radio frequency identification reader. Any of the foregoing
types of radio frequency 1dentification tags can be used 1n the
system of this invention.

As used herein, the expression “tag collision” occurs when
more than one transponder retlects back a signal at the same
time, confusing the radio frequency identification reader.
Algorithms can be used to “singulate” the tags.

As used herein, the term “radio frequency identification
reader” or “reader” means a device having the function of
providing means for communicating with a radio frequency
identification tag and facilitating transier of data to and from
a radio frequency 1dentification tag. Functions performed by
a radio frequency identification reader can include quite
sophisticated signal conditioning, signal sorting, parity error
checking, and correction. Once the signal from a radio fre-
quency 1dentification tag has been correctly received and
decoded, algorithms can be applied to decide whether the
signal 1s a repeat transmission, and can then instruct the radio
frequency identification tag to cease transmitting. This type
of mterrogation 1s known as “command response protocol”
and 1s used to circumvent the problem of reading a plurality of
radio frequency identification tags 1n a short space of time. An
alternative technique 1involves the radio frequency 1dentifica-
tion reader looking for radio frequency identification tags
with specific 1dentities, and interrogating them 1n turn. It 1s
within the scope of this invention to use a single radio ire-
quency 1dentification reader or a plurality of radio frequency
identification readers. A radio frequency identification reader
1s connected to a single antenna or to a plurality of antennas.

As used herein, the expression “near field region” means
the close-n region of an antenna where the angular field
distribution 1s dependent upon the distance from the antenna.
The near field 1s that part of the radiated field that 1s within a
fraction of a wavelength of the antenna. As used herein, the
expression “far field region” means the region outside the
near field region, where the angular field distribution 1s essen-
tially independent of distance from the source. If the source
has a maximum overall dimension D that is large compared to
the wavelength, the far-field region 1s commonly taken to
exist at distances greater than D*/A from the source, A being
the wavelength.

As used herein, the term “microplate” means a flat plate
having multiple “wells” used as small test tubes. Additional
discussion ol microplates can be found at “Microtiter plate—
Wikipedia, the free encyclopedia™ at the website http://en-
wikipedia.org/wiki/Microtiter_plate.

As used herein, the expression “dimension of an antenna”,
and the like, refers to the measure of the planar region of the
antenna, 1.e., the area of the plane of the antenna. For example,
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i the diameter of the trace of an antenna on a printed circuit
board is “d”, the area of the antenna is 7t(d/2)>.
As used herein, the term “trace” means a design printed on

something, such as, for example, a circular antenna printed on

a circuit board. A trace typically comprises a wire made of >

conductive material, such as, for example, copper, which wire
typically has a small diameter, such as, for example, on the

order of from about 0.004 inch to about 0.008 1nch.
Commercially available components suitable for use 1n the

8

tainers, sample containers, or microplates are destroyed and
the radio frequency 1dentification tags recovered.

Reading radio frequency identification tags and writing,
radio frequency identification tags can be performed using
ISO protocols 14443, 15693, or 18000, all of which are 1incor-
porated herein by reference, or combinations of the foregoing
ISO protocols. These protocols utilize a three-layer commu-
nication model:

(a) application layer

(b) communication layer

present invention are set forth in TABLE I: (¢) physical layer.
TABLE 1

[tem Supplier Model Number

RFID reader Escort Memory Systems HEF-CNTL-232-01

RFID tags for containers for
clinical chemistry analysis

RFID tags for racks for
holding sample containers

RFID tags for microplates

RFID tags for containers for
immunoassay analysis

Custom antenna board

Microlab STARIlet pipette (4
pipetting channels)
Hamilton Vector software

Hamilton labware:

(a) Multi-Flex Carrier
Base with immunoassay,
clinical chemistry, and
microplate stackers

(b) 2 position holder for
disposable tips

(¢) 4 position holder for
disposable tips

(d) Microplate core

grippers
(e) bulk fluid troughs

Custom method and liquud
classes for processing
immunoassays and clinical
chemistry assays

Custom labware:

(a) iImmunoassay reagent
storage rack with
dispersing element

(b) clinical chemistry
reagent storage rack

(¢) microplate rotator with
incubation control

(d) sample carrier tray

and racks

Multi-axis motion controller

Motor driver

Heater controllers;
Heater pads and thermistors

(EMS), Scotts Valley,
California

Escort Memory Systems
(EMS), Scotts Valley,
California

Escort Memory Systems
(EMS), Scotts Valley,
California

Escort Memory Systems
(EMS), Scotts Valley,
California

Escort Memory Systems
(EMS), Scotts Valley,
California

Wavetrix, Inc. Richardson,
Texas

Hamilton Company, Reno,
Nevada
Hamilton Company, Reno,
Nevada
Hamilton Company, Reno,
Nevada

Abbott Laboratories, Abbott
Park, Illinois

Abbott Laboratories, Abbott
Park, Illinois

Pro-Dex Oregon Micro
Systems, Beaverton, Oregon
Intelligent Motion Systems,
Marlborough, Connecticut
Watlow Electric

Manufacturing Company, St. Louis,

Missouri

HMS-112

HMSP-108

HMS-108

LRP-P125

173000-001

MAXp-8000

60

Radio frequency identification tags can be permanently
applied to a given component, 1.e., container, either by means
of a molding process or by means of a bonding process. Radio
frequency identification tags applied by molding or bonding
are not re-usable. However, radio frequency identification

tags can be rendered re-usable by ensuring that reagent con-

65

The three-layer communication model, primarily the com-
munication layer, will provide the functions of error detec-
tion, error correction, identity authentication, collision avoid-
ance, etc. These functions can be considered automatic,
because they are part of the protocol for enabling the radio
frequency identification reader to communicate with the

radio frequency identification tag.
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The application layer handles the information contained in
the radio frequency 1dentification tag. Such information can
include at least some of the information in TABLE I1I:

TABLE II

Class of data Specific data

Unique identifier for container

(a) Revision number(s) of reagent(s)

(b) Serial number(s) of reagent(s)

(d) Component identifier(s)

(e) Lot number(s) of reagent(s)

(f) Stability/expiration data for reagent(s)
(g) Times/dates of manufacture of reagent(s)
(h) Configuration(s) of assay(s)

(e.g., number of reagent containers needed)
(1) Number of tests in container(s)

(1) Associated components of assay(s)

(k) Calibration data for assay(s)

(1) Material safety data sheet

(m) Assay protocol

(n) Package insert

(a) Temperature(s) of reagent during shipping
(b) Times/dates of shipping movements and
storage periods

(c) Locations and dates of storage periods
(a) Times/dates of opening(s) of reagent
container(s)

(b) Number of aspirations from reagent
container(s)

(c) Carryover and potential contamination or
dilution of reagent(s) or sample(s)

(d) Encryption algorithms for protection of
data

(e) Other algorithms to ensure integrity of
data

Tag 1dentifier
Manufacturing data

Shipping and storage
data

Analyzer and usage data

The communication layer defines the manner whereby
radio frequency identification readers and radio frequency
identification tags communicate. The communication layer
includes, but 1s not limited to, collision avoidance algorithms,
parity checking algorithms, error-checking algorithms, and
identification authentication algorithms. After the unique
identifier of a radio frequency 1dentification tag 1s known, a
deterministic protocol can be used to ensure selectivity. The
operation of a deterministic protocol 1s described, for
example, 1n “RFID Traceability: A Multilayer Problem™, Gil-
das Avoine and Philippe Oechslin, Ecole Polytechnique Fed-
erale De Lausanne, 2005, incorporated herein by reference.

The physical layer defines the actual interface and specifies
at least the following: radio frequency (e.g., 13.56 MHz, 860
MHz, 960 MHz), modulation, data encoding, timing, etc.

The memory capacity of a radio frequency identification
tag suitable for use 1n this ivention typically ranges from
about 112 to 736 bytes. This quantity of bytes can exceed
those 1n a typical barcode label. Radio frequency 1dentifica-
tion readers and other radio frequency 1dentification tags (as
specified 1 ISO 18000 and eirther of ISO 14443 or ISO
15693 ) that use 16 bits for the address can support a memory
capacity of up to 128 kilobytes. Memory availability can be
varied, but can range to a level as high as 32 kilobytes per read
operation. Thus radio frequency identification tags having
more than 32 kilobytes of memory would require the reader to
carry out multiple read operations.

The operational details of the system of this invention can
be controlled by a computer. Furthermore, some higher-level
data integrity algorithms can be implemented. An example of
a higher-level data integrity algorithm 1s one that would 1ndi-
cate that reading the same radio frequency identification tag
from multiple antennas 1s an error. Higher-level algorithms
suitable for use 1n this mvention are known to those of ordi-
nary skill in the art
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High selectivity requires close proximity of reader and
radio frequency i1dentification tags. In addition, use of metal
or material exhibiting metal-like properties (such as carbon
impregnated plastic), are preferably avoided in the system,
because metal 1nterferes with radio frequency identification
signals.

FIGS. 1-3 illustrate various embodiments of reagent con-
tainers and sample containers. FIG. 3 illustrates a printed
circuit board containing a plurality of antennas connected to
a radio frequency identification reader. FIG. 1 illustrates
where radio frequency 1dentification tags can be attached to
sample containers. Referring now to FIG. 1, a rack 10 has a
plurality of slots 12 for holding sample containers 14, e.g.,
test tubes. Each slot 12 1s separated from the adjacent slot by
a resilient gripping device 16. Each resilient gripping device
16 comprises a tube gripper 16a and a tube gripper 165. The
resilient gripping devices 16 are positioned so that the gripper
16a of one gripping device 16 faces the gripper 165 of an
adjacent gripping device 16. A sample container 14 1s inserted
between the gripper 16a of one gripping device 16 and the
gripper 165 of an adjacent gripping device 16 to securely hold
the sample container, 1.¢., test tube 1n an upright manner. Each
resilient gripping device 1s typically constructed from a resil-
ient material, such as, for example, resilient polymeric mate-
rial. In FI1G. 1, the sample container 14 1s 1n the form of a tube.
Each radio frequency 1dentification tag 18 1s attached at the
lowermost end 14a of each sample container 14 and 1s read
from underneath the container 14 by a radio frequency 1den-
tification reader (not shown). The system should be able to
identify and track a sample by radio frequency 1dentification
tag (constructed in accordance with ISO 18000 and either of
ISO 14443 or ISO 15693) attached to the sample container.
As mentioned earlier, radio frequency 1dentification provides
the ability to aggregate read information related to a sample in
addition to the sample 1dentifier. Information can include (a)
demographics of a patient, (b) the date the sample was
obtained, (¢) the test(s) to be performed on the sample, (d) the
type of sample, (e) the type of container, etc. Radio frequency
identification can also be used to track shipping and storage
conditions that may affect integrity of the sample. In addition,
radio frequency identification can be used for writing infor-
mation such as, for example, centrifugation performed on the
sample, aspiration operations performed, potential contami-
nation or dilution of a sample by material carried over by the
tip of an aspirating device, freeze-thaw history of the sample,
ctc. Radio frequency 1dentification also provides the ability to
positively verily a sample 1dentifier during aspiration or dis-
pensing, thereby enabling an operator of the system to be
given physical access to samples and reagents, except for
those samples and reagents currently being aspirated or dis-
pensed. Physical access to samples or reagents currently
being aspirated or dispensed should be prohibited to the
operator 1n order to ensure the satety of the operator.

FIG. 2 illustrates where radio frequency identification tags
can be attached to reagent containers. Referring now to FIG.
2, a reagent container holder 20 holds a plurality of reagent
containers 22, 24, and 26. In FIG. 2, the reagent container 22
1s 1n the form of a cylindrical bottle having a flat bottom. The
reagent container 22 can be used for reagents for clinical
chemistry assays. The reagent containers 24 and 26 are in the
form of cylindrical bottles having rounded bottoms. The
reagent containers 24 and 26 can be used for reagents for
immunoassays. The reagent container 26 1s of lesser height
than the reagent container 24. The lowermost end of container
22 1s designated by the reference numeral 22a; the lowermost
end of container 24 1s designated by the reference numeral
24a; the lowermost end of container 26 1s designated by the
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reference numeral 26a. Radio frequency identification tags
28a, 285H, and 28c¢ are attached at the lowermost end 22a of
container 22, the lowermost end 24a of container 24, and the
lowermost end 26a of container 26, respectively, and are read
from underneath the reagent containers 22, 24, and 26 by any
radio frequency 1dentification reader (not shown). In FIG. 2,
the reagent containers 22, 24, and 26 are supported by and
held by a sub-system comprising a locking, or adapter, plate
30, abase 32a, aholder comprising alower portion 3256 and an
upper portion 32¢, a vertical support 33 for supporting the
upper portion 32¢, a plattorm 34 upon which reagent contain-
ers can be mounted, at least one vertical support 35 for the
platiorm 34, seats 36a, 365, and 36c¢, and lifting handles 38.
The seats 36a, 365, and 36¢ are constructed so as to enable
reagent containers for reagents for immunoassays to be
securely, but removably, fastened to the platform 34 of the
sub-system shown 1n FIG. 2. The lower portion 325 and the
upper portion 32¢ of the holder have apertures (not shown)
formed therein. These apertures are of such dimensions that a
reagent container for reagents for clinical chemistry assays
can be securely, butremovably, inserted therein. The base 32a
1s an intermediate element that connects the platform 34 to the
locking plate 30 via the at least one support 35. The lifting
handles 38 have the function of providing a means for intro-
ducing and removing the sub-system holding the reagent
containers from the storing and staging system shown in FIG.
4. The locking plate 30 has the function of securing the base
324 and the lower portion 325 of the holder to the storing and
staging system shown 1n FIG. 4.

The system should be able to 1dentify and track areagent by
radio frequency 1dentification tag (constructed 1n accordance
with ISO 18000 and either of ISO 14443 or ISO 15693
attached to the reagent container. As mentioned earlier, radio
frequency 1dentification provides the ability to aggregate read
information related to the reagent 1n addition to the reagent
identifier. Information can include calibration data, lot num-
ber of the reagent, serial number of the reagent, component
identifier, assay 1dentifier, expiration date of the reagent, kit
s1ze, package 1nsert information, etc. Radio frequency 1den-
tification can also be used to track shipping and storage con-
ditions that may affect the integrity of the reagent. In addition,
radio frequency identification can be used for writing infor-
mation such as test count remaining, on-board expiration date
(after the container has been opened), aspiration operations
performed, potential contamination or dilution of a sample by
material carried over by the tip of an aspirating device, eftc.
Radio frequency identification also provides the ability to
positively verily a reagent 1dentifier during aspiration or dis-
pensing, thereby enabling an operator of the system to be
given physical access to samples and reagents, except for
those samples and reagents currently being aspirated or dis-
pensed. Physical access to samples or reagents currently
being aspirated or dispensed should be prohibited to the
operator 1n order to ensure the safety of the operator.

FIG. 3 1llustrates attachment of radio frequency identifica-
tion tags to microplates. Microplates are described 1n greater

detail in U.S. Pat. No. 4,735,778 and 1n U.S. Patent Applica-
tion Publication 2005/0242963, both of which are incorpo-
rated herein by reference. FIG. 7 of U.S. Patent Application
Publication 2005/0242963 shows a microplate having a struc-
ture similar to that of the microplate 40 shown 1 FIG. 3
heremn. A radio frequency identification tag 42, shown in
phantom, 1s associated with the microplate 40. In FIG. 3, the
microplate 40 has an upper portion 44 attached to a base 46.
A plurality of wells 48 1s formed 1n the upper portion 44 of the
microplate 40. The upper portion 44 of the microplate 40 rests
on the base 46. The radio frequency identification tag 42 1s
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attached to the base 46. The radio frequency 1dentification tag
42 1s embedded within a portion of the microplate 40. In an
alternative embodiment, the radio frequency identification
tag can be applied to an exterior surface of the microplate.
Any microplate having 8, 16, 24, 48, 96, 384, 768, 1336, etc.,
wells 1s contemplated for use 1n with the invention described
herein. The radio frequency identification tag 42 can be read
from underneath the microplate 40. Alternatively, the radio
frequency 1dentification tag 42 can be read from the side of
the microplate 40 if the orientation of the radio frequency
identification tag 1s changed to make such an alternative
viable. Because the distance between the radio frequency
identification reader and radio frequency 1dentification tag 1s
small, the placement of the radio frequency 1dentification tag,
42 also indicates the physical orientation of the microplate 40.
For example, if the radio frequency identification tag 42 is
always located adjacent to the Al position on the microplate
40, reading the radio frequency identification tag 42 ensures
that the microplate 40 1s oriented with position Al over the
radio frequency identification reader (1.e., the position at the
upper left hand corner of the microplate). The system should
be able to identify and track a microplate by the radio ire-
quency 1dentification tag (as constructed in accordance with
ISO 18000 and either of ISO 14443 or ISO 15693) on the
microplate. Radio frequency 1dentification provides the abil-
ity to aggregate read information related to the assay steps,
such as, for example, loading, dispensing, and the reagents 1n
the microplate, in addition to the microplate identifier. Infor-
mation can include lot number of the microplate, serial num-
ber of the microplate, expiration date of the microplate, etc.
Radio frequency 1dentification can also be used to track ship-
ping and storage conditions that may affect integrity of the
microplate. In addition, radio frequency 1dentification can be
used for writing information to a radio frequency identifica-
tion tag, such as, for example, date used, on-board expiration
date (after the container has been opened), the time at which
samples and reagents are dispensed into a microplate, the
time at which a microplate 1s subjected to incubation, the time
at which the reactions in a microplate are read by a reader, etc.

FIG. 4 1illustrates a storage area/staging area 50 for
reagents, samples, and other supplies. The storage area/stag-
ing area 50 provides positions for the sample containers
shown 1n FIG. 1, the reagent containers shown in FIG. 2, and
the microplates shown in FIG. 3. A microplate 40 1s shown 1n
position at the left side of the view of the storage area/staging
area 50. Reagent containers 22 containing reagents for clini-
cal chemistry assays are positioned in the apertures (not
shown) 1n upper portion 32¢ and lower portion 3256 of the
holder, as illustrated 1n greater detail 1n FIG. 2. The reagent
containers 24 and 26 containing reagents for immunoassays
are positioned 1n the seats 36¢ and 365, respectively, as 1llus-
trated 1n greater detail in FIG. 2. Sample containers 14 con-
taining biological samples are positioned in the slots 12 of the
rack 10, as 1llustrated 1n greater detail 1n FIG. 1. Disposable
tip holders 54a and 545 are located adjacent to the microplate
52. Additional locations for disposable tip holders are desig-
nated at 54¢, 34d, 54e, and 54f. The radio frequency 1dentifi-
cation tags can be read at various positions beneath the stor-
age area 50.

In FI1G. 5, a printed circuit board 110 contains a plurality of
antennas 112 connected to a radio frequency identification
reader. Each antenna 112 1s selectively activated by means of
clectronics. In FIG. 5, the 5x5 array of antennas at the lower
portion of the printed circuit board 110 corresponds to the
portion of the storage area/staging area 30 of FI1G. 4 where the
sample containers 14 are located. The 3x8 array of antennas
at the upper right portion of the printed circuit board 110
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corresponds to the portion of the storage area/staging area 50
of FI1G. 4 where the reagent containers 24 and 26 containing
reagents for immunoassays are located. The 2x11 array of
antennas at the upper leit portion of the printed circuit board
110 corresponds to the portion of the storage area/staging >
area 50 of FIG. 4 where the reagent containers 22 containing
reagents for clinical chemistry assays are located. A large
printed circuit board containing a plurality of antennas, such
as that shown 1n FIG. 5, eliminates the need to move a reader
head. Through the use of a large printed circuit board con-
taining a plurality of antennas, such as that shown in FIG. §,
signals can be transmitted from antennas 112 connected to the
radio frequency identification reader to a radio frequency
identification tag. Similarly, signals transmitted from the
radio frequency i1dentification tags attached to containers can
be recerved by antennas 112 for further processing by a radio
frequency i1dentification reader connected to the antennas
112. It 1s also within the scope of this invention to employ a
plurality of radio frequency identification readers with a 2¢
printed circuit board of the type shown 1n FIG. 5. It should be
noted that a printed circuit board 1s not required to support the
antennas. For example, the antennas can be positioned 1n any
manner so long as radio frequency signals can be transmitted
from the antennas and recerved by the antennas and the radio 25
frequency signals received by the antennas can be read by a
radio frequency identification reader.

In order for signals to be transmitted between an antenna of
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a radio frequency 1dentification tag and an antenna connected 0
to a radio frequency i1dentification reader, there must be an
antenna aperture between the antenna of the radio frequency
identification tag and the antenna connected to the radio re-
quency 1dentification reader. Referring now to FIG. 2, the
bearings (not shown), the dispersion spindle, which is desig- 32
nated by the reference numeral 120 1n FIG. 2, and the gear for

rotating the dispersion spindle, which 1s designated by the

reference numeral 122 in FIG. 2, should be transparent to the
signals transmitted between the antenna of a radio frequency 4q
identification tag and an antenna connected to the radio fre-
quency identification reader. The bearings, the dispersion
spindle, and the gear are preferably made from a polymeric
material. The materials of the barrier that 1s not 1n the path of
the signals transmitted between the antenna of a radio fre-
quency 1dentification tag and an antenna connected to the
radio frequency identification reader can be formed from a
metallic material or carbon impregnated plastic. This barrier
1s designated by the reference numerals 32a and 34 of FIG. 2. 5,
By the use of appropriate materials, antenna apertures can be
constructed to provide adequate sensitivity as well as selec-
tivity. After a prototype printed circuit board containing a
plurality of antennas has been completed, testing may 1ndi-
cate that additional shaping techniques for antenna apertures
should be employed. Additional metal, or other matenals
exhibiting metal-like properties, can be employed 1n various
geometric shapes to enhance selectivity and propagation of
radio frequency waves. It 1s expected that as new techniques
become available to reduce cost of radio frequency 1dentifi-
cation tags, such techniques will be employed.

Smaller radio frequency identification antennas can be
used to decrease reading range, increase selectivity, and pro-
vide physical orientation performance, but such antennas 65
require closer proximity of the radio frequency identification
tag to the radio frequency 1dentification reader.

45

55

14

TABLE III shows values used for the different antenna
s1zes for antennas attached to a printed circuit board:

TABLE III
Diameter (Imm) Inductance (uH) Capacitance (pF)
26 2.31 63
20 1.68 82
16 1.39 89
12 1.54 87

Antennas having the parameters shown in TABLE III provide
resonance coupling of antennas that enable radio frequency
identification tags and radio frequency i1dentification readers
to exchange information while 1n a near field relationship.
The benefit of a near field relationship 1s 1improvement 1n
selectivity.

Attenuation of the power of the radio frequency 1dentifica-
tion reader also improves selectivity. In other words, by
reducing the magnitude of the radio frequency 1dentification
signal, the number of antennas that can receive the signal 1s
also reduced, preferably to a single antenna. It would be 1deal
to have the radio frequency 1dentification signal attenuated to
such a degree that only a very small number of antennas could
even receive any fraction of the signal. Attenuation can be
achieved physically or electrically. By inserting an attenua-
tion component into the circuit of the radio frequency reader,
such as, for example, by the 1nsertion of a resistor 1n the circuit
of the radio frequency reader, the distance at which a signal 1s
capable of being received can be minimized. By adding
attenuation material (metal or carbon impregnated resin)
around an antenna, the antenna can be partially shielded,
thereby shaping the field thereof. The shielding provided by
carbon impregnated resin or metal blocks radio frequency
energy. In fact, the distance at which a signal can be read can
be reduced and directed so that at least 75% of a radio fre-
quency 1dentification tag needs to be directly 1n register with
the antenna connected to a radio frequency identification
reader to enable an exchange of data to occur. Attenuation of
the power of the radio frequency identification reader thereby
provides the ultimate solution for near field selectivity,
because, at any given time, attenuation can ensure that only
one antenna can recerve a signal from a given radio frequency
identification tag. In the following table, three positions of
radio frequency identification tags are shown: immunoassay
bottle (1.e., a bottle containing a reagent for an immunoassay),
clinical chemistry bottle (1.e., a bottle containing a reagent for
a clinical chemistry assay), and sample tube (1.¢., a container
for a sample). The read distances differ for each location.
TABLE IV shows the distances between the printed circuit
board supporting the antennas and the radio frequency 1den-
tification tag attached to a container.

TABLE 1V
Container Read distance (inches)
Immunoassay bottle 1.45
Clinical chemustry bottle 0.48
Sample tube ~0.00 (printed circuit board is coated with

paint for sealing out humidity, having a
thickness on the order of 0.002 inch)

The selectivity and attenuation requirements are different
for each location. To accommodate these variations, ‘“banks”
of antennas are used, such that each bank of antennas has its
own level of attenuation. As used herein, the term “bank”
means an area containing a group of antennas, wherein
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attenuation of a radio frequency signal enables a specified
level of power to be transmitted to that group of antennas only
and to no other group of antennas. Fach individual antenna 1n
a grven group of antennas would experience the same degree
of attenuation of a radio frequency signal. Banks are selected
to recognize physical phenomena, such as, for example, dis-
tance from an antenna to a radio frequency identification tag,
obstacles such as metal components, such as, for example,
metal bearings. For example, in order to read a radio fre-
quency identification tag 1n the vicinity of a metal bearing
requires significantly more power, 1.¢., less attenuation, than
would reading a radio frequency identification tag that 1s not
partially blocked by a metal bearing. An excessive quantity of
power 1s not desirable, because such excessive quantity
would enable signals from a single antenna to be received by
a plurality of radio frequency identification tags. An 1nsuili-
cient quantity of power 1s also not desirable, because such
insuificient quantity would prevent reading a radio frequency
identification tag or would lead to an unreliable reading of a
radio frequency identification tag.

Referring now to FIG. 6, a printed circuit board 210 con-
tains a plurality of radio frequency antennas 212. Each
antenna 212 1s selectively activated by means of electronics.
The antennas 212 are positioned 1n a plurality of on-board
banks 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234,
and 236 and a single off-board bank 238. Additional off-board
antennas or banks of antennas or both antennas and banks of
antennas can be used, 11 so desired. In FIG. 6, the 5x5 array of
antennas at the lower portion of the printed circuit board 210
corresponds to the portion of the storage area/staging area 50
ol F1G. 4 where the sample containers 14 are located. The 3x8
array ol antennas at the upper right portion of the printed
circuit board 210 corresponds to the portion of the storage
area/staging area 50 of F1G. 4 where the reagent containers 24
and 26 containing reagents for immunoassays are located.
The 2x11 array of antennas at the upper left portion of the
printed circuit board 210 corresponds to the portion of the
storage area/staging area 50 of FIG. 4 where the reagent
containers 22 containing reagents for clinical chemistry
assays are located. A large printed circuit board containing a
plurality of antennas, such as that shown 1n FIG. 6, eliminates
the need to move a reader head. Through the use of a large
printed circuit board containing a plurality of antennas, such
as that shown 1n FIG. 6, signals from the radio frequency
identification tags attached to containers can be read by sta-
tionary antennas 212 for further processing by a radio fre-
quency 1dentification reader connected to the antennas 212. It
1s also within the scope of this invention to employ a plurality
of radio frequency 1dentification readers with a printed circuit
board of the type shown 1in FIG. 6. The arrangement of anten-
nas 1llustrated in FIG. 6 does not differ from the arrangement
of antennas 1 FIG. 6. However, by means of the use of
on-board banks 214, 216, 218, 220, 222, 224, 226, 228, 230,
232, 234, and 236 and a single off-board bank 238, variation
ol attenuation can be employed to compensate for physical
differences between antennas and radio frequency 1dentifica-
tion tags. In a given bank, a signal read by one antenna can be
1solated from the other antennas in that bank by an appropri-
ate level of attenuation. In FIG. 6, each antenna 1s marked
with hardware coordinates in which the number of the bank 1s
tollowed by the number of the antenna 1n that bank; each
antenna 1s also marked with software coordinates 1n which the
number of the bank and Cartesian coordinates (X,Y) are
designated. Also 1 FIG. 6, each bank 1s bounded by dashed
lines.

In addition to distance between the radio frequency iden-
tification tag and the antenna, another important feature of the
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path between the radio frequency 1dentification reader and the
radio frequency identification tag exists. This feature involves
obstruction by means of metallic components, such as, for
example bearings. As previously described with respect to the
printed circuit board illustrated 1n FIG. 5, 1n order for signals
to be transmitted between the antenna of a radio frequency
identification tag and an antenna connected to a radio fre-
quency 1dentification reader, there must be an antenna aper-
ture between the antenna of the radio frequency identification
tag and the antenna connected to the radio frequency identi-
fication reader. Referring now to FIG. 2, the bearings (not
shown), the dispersion spindle, which 1s designated by the
reference numeral 120 1n FIG. 2, and the gear for rotating the
dispersion spindle, which 1s designated by the reference
numeral 122 1n FIG. 2, should be transparent to the signals
transmitted between the antenna of a radio frequency 1denti-
fication tag and an antenna connected to the radio frequency
identification reader. The bearings, the dispersion spindle,
and the gear are preferably made from a polymeric matenal.
The matenals of the barrier that 1s not 1n the path of the signals
transmitted between the antenna of a radio frequency 1denti-
fication tag and an antenna connected to the radio frequency
identification reader can be formed from a metallic material
or carbon impregnated plastic. This barrier 1s designated by
the reference numerals 32q and 34 of FIG. 2. By the use of
appropriate materials, antenna apertures can be constructed
to provide adequate sensitivity as well as selectivity. After a
prototype printed circuit board containing a plurality of
antennas has been completed, testing may indicate that addi-
tional shaping techniques for antenna apertures should be
employed. Additional metal, or other materials exhibiting
metal-like properties, can be employed 1n various geometric
shapes to enhance selectivity and propagation of radio fre-
quency waves. It 1s expected that as new techniques become
available to reduce cost of radio frequency 1dentification tags,
such techniques will be employed.

Smaller radio frequency identification antennas can be
used to decrease reading range, increase selectivity, and pro-
vide physical orientation performance, but such antennas
require closer proximity of the radio frequency 1dentification
tag to the radio frequency identification reader.

There 1s a separate radio frequency circuit for each bank,
and an attenuator can be inserted 1nto that circuit. Each bank
can be attenuated differently, thereby rendering it possible to
tune antennas for different physical situations. Attenuators
that are suitable for use herein are described 1n Attenuators—
Microwave Encyclopedia—Microwaves101.com, available
at the website http://www.microwavesl01.com/encyclope-
dia/attenuators.ctm and at Attenuators dissipation—Micro-
wave Encyclopedia—Microwaves101.com, available at the
website  http://www.microwaves101.com/encyclopedia/at-
tenuatordiss.cim, both of which are incorporated herein by
reference. FIG. 7 illustrates a circuit 300 that uses p1 attenu-
ators for attenuating radio frequency signals. In FIG. 7, a
radio frequency 1dentification reader/writer transcerver 302 1s
connected to a bank switch 304 for Bank 0, Bank 1, Bank 2,
and Bank 3. The bank switch 304 1s connected to an antenna
switch 306a for Bank 0, an antenna switch 3065 for Bank 1,
an antenna switch 306¢ for Bank 2, and an antenna switch
3064 for Bank 3. The bank switch 304 and the antenna
switches 306a, 3065, 306¢, and 3064 are associated with a
printed circuit board (not shown). Radio frequency antennas
308a,308b,308¢c, and 3084 are located at position 0,0 1n Bank
0, Bank 1, Bank 2, and Bank 3, respectively, on the printed
circuit board. P1 attenuators 310a, 3105, 310¢, and 310d are
positioned in the circuits between the bank switch 304 and the
antenna switches 306a,306b, 306¢, and 3064. Each p1 attenu-
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ator 310a, 31056, 310¢, and 3104 includes a series resistor
312a,312b,312c¢, and 3124, respectively, a first shunt resistor
314a, 3145, 314c, and 3144, respectively, and a second shunt
resistor 316a, 3165, 316¢, and 3164, respectively. The bank
switch 304 and the antenna switches 3064, 3065, 306¢, and

3064 are connected to a radio frequency identification

antenna select board central processing unit 318. FIG. 7 also
shows various capacitors 320a, 3205, 320¢, 3204, 320¢, 320/,

320g, and 320/ and various resistors 322a, 322b, 322¢, and
322d 1n the circuit 300. Selection of and positioning of the
capacitors 320a, 3205, 320c¢, 3204, 320¢e, 320/, 320g, and
320/ and resistors 322a, 3225, 322¢, and 3224 1n the circuit
300 can be easily determined by one of ordinary skill in the
art.

In order to read a signal from a radio frequency 1dentifica-
tion tag (not shown) attached to a container (not shown), the
container 1s positioned adjacent to a radio frequency antenna
308a, 308b, 308¢, 3084 so that the radio frequency 1dentifi-
cation tag 1s in sufficiently close proximity to the radio fre-
quency antenna 308a, 308b, 308c, 3084 that the signal 1s
capable of being recerved by the radio frequency identifica-
tion antenna 308a, 3085, 308¢, 3084. When both the bank
switch 304 and the appropriate antenna switch 306a, 30650,
306¢, or 306d for the appropniate radio frequency antenna
308a, 308b, 308c, or 3084 are closed, the signal from the
radio frequency i1dentification tag attached to the container
can be recerved by the appropriate radio frequency antenna
308a,308b, 308¢, or 3084 and the signal thus recerved can be
read by the radio frequency 1dentification reader/writer trans-
ceiver 302. It should be noted that types of attenuators other
than p1 attenuators could be used.

TABLE V shows the amount of attenuation used for each
bank for generating the smallest signal that can successtully
provide a reading for each radio frequency 1dentification tag,
in register with a specific antenna, while maximizing the
selectivity of the antenna so that no radio frequency 1dentifi-
cation tag can be read by more than one antenna. It should be
noted that at least 75% of the area of a radio frequency
identification tag 1s required to be in register with an antenna
in order for a reading of the radio frequency 1dentification tag
to be successtul.

TABLE YV
Shunt Series

resistor resistor
Container Bank  Attenuation (dB) (ohms) (ohms)
Sample tube 0 -8 115 52.3
Immunoassay bottle 1 0 Not installed 0
Clinical chemistry 2 -15 71.5 137
bottle

It should be noted that it 1s relatively simple for one of ordi-
nary skill in the art to determine resistance values for shunt
resistors and series resistors for various types of attenuators in
order to derive the desired level of attenuation. It 1s expected
that an attenuation range of from about 0 dB to about -30 dB
1s suitable for use with the apparatus and method described
herein. However, a greater level of attenuation, 1.e., a value
lower than —30 dB can be used, 11 desired.

By experimentation, the actual dimensions were opti-
mized, inductances of antennas were measured, and capaci-
tance values were determined. Some tuning 1s required,
because not all values match the theoretical model precisely,
on account of placement of components, inductance and
capacitance of the trace (1.e., conductor) on the printed circuit
board, etc.
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Column 0 of Bank 1 contains metal bearings in the path
between the radio frequency identification reader and the
radio frequency identification tags. These metal bearings to
block significant amounts of radio frequency energy. In con-
trast, Columns 1 and 2 of Bank 0 have holes beneath radio
frequency i1dentification tags that are transparent to radio
frequency energy. In order to compensate and maintain selec-
tivity, Column 0 of Bank 1 will have different attenuation than
do Columns 1 and 2 of Bank 1. TABLE VI shows that further
subdivision of a given bank can be useful when different
degrees of attenuation are required within the given bank.

TABLE VI
Shunt  Series

Column in  Attenuation resistor resistor
Container Bank bank (dB) (ohms) (ohms)
Sample tube 0 -8 115 52.3
Immunoassay 1 0 0 Not 0
bottle installed
Immunoassay 1 1,2 -12 82.5 93.1
bottle
Clinical chemistry 2 -15 71.5 137
bottle
It should be noted that it 1s relatively simple for one of ordi-

nary skill in the art to determine resistance values for shunt
resistors and series resistors for various types of attenuators in
order to derive the desired level of attenuation.

Another technique that improves selectivity 1s the judi-
cious selection of the dimensions of the antenna (1.¢., diam-
cter 1in the case of circular antennas). As described earlier, a
variety of antennas were tested, 26 mm, 20 mm, 16 mm, and
12 mm. Signals from radio frequency identification tags,
circular in shape and having different diameters (8 mm, 12
mm, 25 mm), were recerved by means of these antennas, and
many showed comparable performance (i.e., read distance as
a function of attenuation). However, the antennas having
larger diameters could recerve signals from radio frequency
identification tags over a larger area, and consequently,
decreased relative selectivity, given that the separation
between the container and the radio frequency i1dentification
tag was fixed. In addition, the antennas having smaller diam-
cters were not able to receiwve the signals from the radio
frequency identification tags around the metal bearings 1n
Column 0 of Bank 1, because the radio frequency field was
too narrow and was completely occluded by the metal bear-
ings. Thus, a compromise was reached; 16 mm antennas were
chosen for all locations. Smaller antennas could have been
chosen for the columns not associated with bearings, but
simplicity and commonality of design were also criteria. In
general, the smallest antennas (12 mm diameter) demon-
strated the best selectivity.

The use of multi-layered printed circuit boards and infor-
mation specific top radio Irequency identification tags
improves selectivity and also provides flexibility 1n reading
location. A multi-layered printed circuit board 1s a printed
circuit board that has a plurality of layers of conducting
matenial and a plurality of layers of insulating material, a
layer of insulating material separating two layers of conduct-
ing material. A common loading area for sample tubes and
reagent bottles 1s often desirable. A common loading area 1s
often more efficient than separate loading areas for sample
tubes and reagent bottles. In FIGS. 8 A and 8B, a two-column
set of antennas for recewving signals from radio frequency
identification tags 1s overlaid with a one-column set of anten-
nas to form a multi-layered printed circuit board 400. The top
layer 402 1s configured to read radio frequency 1dentification
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tags on two narrow sample tube racks (not shown), which
have a single width of about one 1nch. The bottom layer 404
1s configured to read radio frequency i1dentification tags on
one wide reagent bottle rack (not shown), which has a double
width of about two inches. The antennas 1n the top layer 402
are designated by the reference numeral 406. The antennas 1n
the bottom layer 404 are designated by the reference numeral
408. Although there 1s some overlap of the circuitry, traces,
and antennas 406, 408 of the top layer 402 and the bottom
layer 404 of the multi-layered printed circuit board 400, spe-
cific information related to the radio frequency 1dentification
tag can be used to select the proper column of antennas. For
example, 11 the radio frequency 1dentification tag of a sample
tube were detected, then the top laver 402 of two narrow
columns of antennas 406 would be selected. If the radio
frequency 1dentification tag of a reagent bottle were detected,
then the bottom layer 404 of one wide column of antennas 408
would be selected. If both types of radio frequency 1dentifi-
cation tags were detected, then an error would be declared and
the assistance of an operator would be requested.

According to the system described herein, radio frequency
identification tags can be selectively read at each position of
a reagent container or at each position of a sample container,
¢.g., a sample tube, from a point below the reagent container
or sample container. Because the distance of the radio fre-
quency 1dentification tag from the radio frequency i1dentifica-
tion reader 1s typically small, e.g., less than 1 inch, and the
antenna aperture limaits side lobes, the placement of the radio
frequency 1dentification tag on the container can also provide
information relating to the type of analyzer, e.g., clinical
chemistry analyzer, immunoassay analyzer, and the type of
container, €.g., sample container, reagent container, thereby
providing (a) improved functioming of automated analyzer(s)
in a system, (b) improved chain of custody, 1.e., improved
information relating to locations occupied by a given con-
tainer 1n the present and at times previous to the present, and
(¢) improved safety to patients by ensuring accurate results of
assays.

The radio frequency 1dentification antennas provide a solu-
tion to the problem resulting from near field selectivity,
because only one antenna can receive a signal from any given
tag at any given time. In addition, by using information spe-
cific to a given tag, for sample tubes and reagent bottles,
common, multiple-layer antennas can be used to simplily
apparatus/operator interfaces and utilize limited areas eifi-
ciently.

The arrangement described herein can be used with any
radio frequency identification tag and any radio frequency
identification reader interface. By ensuring that the radio
frequency identification tag can only be read and written to 1n
a single location, geometric location and orientation can be
verified. The benefit of this feature 1s that radio frequency
identification tags attached to containers holding samples,
reagents, or other commodities can be read at the point of
dispensing, incubating, or other processing step, and there 1s
no opportunity to exchange samples, reagents, and other
commodities after such a read. The arrangement described
herein extends the use of radio frequency 1dentification tech-
nology, by providing means for improving selectivity, posi-
tive 1dentification of samples, reagents, and other commodi-
ties. Moreover, transier of data can be carried out at a precise
geometric location or a precise orientation of radio frequency
identification tag or both a precise geometric location and a
precise orientation of radio frequency identification tag.

Multiple-layering of antennas can be extended to different
frequencies or read protocols or both. By selectively energiz-
ing each antenna layer, data specific to a given radio fre-
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quency identification tag can be searched for, in order to
determine which antennas, frequencies, protocols, or any

combination of the foregoing can be used. This versatility
enables the use of different types of radio frequency 1dentifi-
cation tags, enables the detection of errors, and enables selec-
tion of particular types of radio frequency 1dentification tags
and the 1gnoring of others.

Operation

Radio frequency identification tags can be either attached
to or molded into a container, such as, for example, a reagent
container, a sample container, €.g., a sample tube, a micro-
plate, and the like. Initial manufacturing information 1s typi-
cally programmed into radio frequency identification tags.
Storage and shipping information (e.g., logistics) are typi-
cally concatenated to previous data in radio frequency 1den-
tification tags.

Radio frequency i1dentification tags on reagent containers,
sample containers, and microplates, and the like, are read
when placed on the radio frequency 1dentification system of
this mvention. A plurality of antennas connected to a radio
frequency 1dentification reader 1s used in lieu of a movable
radio frequency 1dentification reader. One or more antennas
connected to the radio frequency identification reader can be
selected, and then information 1n the radio frequency identi-
fication tags of the containers can be read. Information and
physical locations of reagent containers, sample containers,
and the like, can be substantiated.

As the contents of the reagent containers, sample contain-
ers, microplates, etc. are accessed and the contents are con-
sumed during the performance of an assay, additional infor-
mation can be concatenated to previous data in radio
frequency i1dentification tags. A large printed circuit board
containing a plurality of antennas, such as the type shown 1n
FIGS. 5, 6, 7, 8A, and 8B, eliminates the need to move an
antenna.

The power of the radio frequency identification reader 1s
limited to 4 watts EIRP. In the systems described herein, the
planes ol the antennas connected to the radio frequency 1den-
tification reader and the antennas of the radio frequency 1den-
tification tags on a single printed circuit board are preferably
parallel to each other, and, when being read, the center of each
radio frequency 1dentification tag antenna 1s preferably posi-
tioned over the center of the antenna connected to the radio
frequency 1dentification reader. The distance from the
antenna connected to the radio Irequency identification
reader to the antenna of the radio frequency identification tag
typically ranges from about 0.100 1nch to about 1.25 inches.

Radio frequency identification can be used to enhance
information on the containers for reagents, containers for
samples, microplates, and the like, so that the information can
be directly linked to a database and provide (a) improved
functioning of automated analyzer(s) m a system, (b)
improved chain of custody, 1.e., improved information relat-
ing to locations occupied by a given container in the present
and at times previous to the present, and (¢) improved safety
to patients by ensuring accurate results of assays. This infor-
mation includes, but 1s not limited to, information related to
the automated analyzer, information related to the environ-
ments experienced during shipping, storage, and usage of the
contents of the containers, and information related to the
containers. For example, the system described herein can be
used to compare the storage information of a sample 1n a
sample container or of a reagent in a reagent container to a set
of acceptable storage conditions, thereby facilitating the
rejection or acceptance of the sample 1n the sample container
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for analysis of the sample or the rejection or acceptance of the
reagent in the reagent container for performance of an assay,
based on the aforementioned comparison function per-
formed.

Becauseradio frequency 1dentification tags can be read and
written to at a processing location (1.e., an aspiration location,
a dispensing location, etc.), physical access for an operator to
samples and reagents, except for those samples and reagents
currently being aspirated or dispensed, can be increased.
However, physical access to samples or reagents currently
being aspirated or dispensed should be prohibited to the
operator 1n order to ensure the safety of the operator.

Automated analyzers that can be used with the radio fre-
quency 1dentification system of this invention include, but are
not limited to, automated immunoassay nstruments, auto-
mated clinical chemistry mmstruments, automated hematology
mstruments, automated nucleic acid analyzer instruments,
such as, for example, automated nucleic acid microarray ana-
lyzer mstruments and an automated nucleic acid amplifica-
tion analyzer instrument, automated slide processing instru-
ments, and automated protein analyzer instruments. Of
course, the aforementioned instruments will include the sub-
systems required to enable operation thereof, such as, for
example, immunoassay readers, clinical chemistry readers,
software, fluid transfer mechanisms, etc. The automated ana-
lyzers that can be used with the radio frequency 1dentification
instruments can further include an automated sample pro-
cessing station, such as, for example, an apparatus for extrac-
tion of nucleic acid from a biological sample. It 1s also pos-
sible for the system of this invention to have a plurality of
analysis stations, wherein each of the plurality of analysis
stations comprises apparatus for the automated analysis of a
biological sample. The analysis stations can employ analyz-
ers from list of analyzers mentioned previously. In addition,
in certain embodiments the system of this invention can fur-
ther comprise an automated sample processing station.

Various modifications and alterations of this invention will
become apparent to those skilled 1n the art without departing,
from the scope and spirit of this invention, and 1t should be
understood that this invention 1s not to be unduly limited to
the 1llustrative embodiments set forth herein.

What 1s claimed 1s:

1. A system comprising a plurality of containers, each of
which has a radio frequency identification tag attached
thereto at a suitable position thereon, the system further
including at least one radio frequency identification reader,
said at least one radio frequency 1dentification reader capable
of reading signals from a plurality of antennas, said plurality
of antennas disposed in a plurality of banks of antennas, each
bank of antennas capable of being attenuated at a different
power level, whereby physical differences 1n between anten-
nas and radio frequency identification tags can be compen-
sated for.

2. The system of claim 1, wherein at least 75% of the area
of the radio frequency identification tag must be 1n register
with an antenna 1n order to be read successtully.

3. The system of claim 1, wherein the location of a radio
frequency identification tag i1s determined from the antenna
receiving a signal from the radio frequency i1dentification tag.

4. The system of claim 1, wherein a single radio frequency
identification reader 1s activated at any one time.

5. The system of claim 1, wherein the relationship between
the radio frequency 1dentification tag and the radio frequency
identification reader relationship 1s based on distance
between the radio frequency identification tag and the
antenna.
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6. The system of claim 1, wherein the relationship between
the radio frequency 1dentification tag and the radio frequency
identification reader 1s based on obstacles between the radio
frequency 1dentification tag and the antenna.

7. The system of claim 1, wherein attenuation can range
from about O to about -30 dB.

8. The system of claim 1, wherein the system comprises at
least one analysis station comprising an automated 1mmu-
noassay instrument.

9. The system of claim 1, wherein the at least one analysis
station comprises an automated clinical chemistry instru-
ment.

10. The system of claim 1, wherein the at least one analysis
station comprises an automated hematology 1nstrument.

11. The system of claim 1, wherein the at least one analysis
station comprises an automated nucleic acid analyzer 1nstru-
ment.

12. The system of claim 11, wherein the automated nucleic
acid analyzer instrument 1s selected from the group consisting
ol an automated nucleic acid microarray analyzer instrument
and an automated nucleic acid amplification analyzer 1nstru-
ment.

13. The system of claim 1, wherein the at least one analysis
station comprises an automated slide processing instrument.

14. The system of claim 1, wherein the at least one analysis
station comprises an automated protein analyzer instrument.

15. The system of claim 1, further comprising an auto-
mated sample processing station.

16. The system of claim 15, wherein the automated sample
processing station comprises apparatus for extraction of
nucleic acid from a biological sample.

17. The system of claim 1, comprising a plurality of analy-
s1s stations, wherein each of said plurality of analysis stations
comprises apparatus for the automated analysis of a biologi-
cal sample.

18. The system of claim 17, comprising at least two analy-
s1s stations, wherein said at least two analysis stations are
selected from the group consisting of automated immunoas-
say 1nstruments, automated hematology instruments, auto-
mated nucleic acid analyzer instruments, automated slide
processing 1instruments, and automated protein analyzer
instruments.

19. The system of claim 18, further comprising an auto-
mated sample processing station.

20. The system of claim 1, wherein each of the plurality of
containers 1s capable of being moved to a position proximate
to one of the plurality of antennas, whereby the amount of
noise and interference from nearby radio frequency 1dentifi-
cation tags on other containers are mnsuilicient to adversely
affect the integrity of the data received by the antenna con-
nected to the radio frequency 1dentification reader.

21. The system of claim 1, wherein each of said plurality of
stationary antennas connected to said radio frequency i1den-
tification reader 1s a trace on a printed circuit board.

22. The system of claim 1, wherein each of said plurality of
stationary antennas connected to said radio frequency i1den-
tification reader 1s not a trace on a printed circuit board.

23. The system of claim 1, wherein the radio frequency
identification tags are positioned at the lowermost portions of
the containers.

24. The system of claim 1, wherein the radio frequency
identification tags are encapsulated.

25. The system of claim 1, wherein the antennas connected
to the at least one radio frequency identification reader are
positioned 1n an array characterized by Cartesian coordinates.
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26. The system of claim 1, wherein said radio frequency
identification reader 1s capable of writing information to said
radio frequency identification tags.

27. A method of analyzing a biological sample 1n a system
comprising an automated analyzer, the method comprising
the steps of:

(a) providing a biological sample 1n a container having a

radio frequency identification tag associated therewith;

(b) interrogating a radio frequency i1dentification tag on at

least one container containing said biological sample to
obtain information therefrom relating to storage infor-
mation, wherein said interrogating i1s carried out by
means of a radio frequency identification reader, and
said radio frequency identification reader 1s capable of
reading signals from a plurality of antennas, said plural-
ity of antennas disposed 1n a plurality of banks of anten-
nas, each bank of antennas capable of being attenuated at
a different power level, whereby physical differences 1n
between antennas and radio frequency identification
tags can be compensated for;

(c) comparing the storage information to a set ol acceptable

storage conditions; and

(d) rejecting or accepting the sample container for analysis

of the sample, based on the comparing step performed 1n
(),

wherein steps (b), (¢) and (d) are automatically performed

by an automated analyzer system.

28. The method of claim 27, wherein said radio frequency
identification reader 1s further capable of writing information
to said radio frequency 1dentification tag and said radio fre-
quency 1dentification reader writes information to said radio
frequency identification tag.

29. The method of claim 27, further comprising the step of
performing at least one analysis of the biological sample.

30. The method of claim 29, wherein the at least one
analysis 1s performed with at least one mstrument selected
from the group consisting of automated immunoassay instru-
ments, automated clinical chemistry instruments, automated
hematology instruments, automated nucleic acid analyzer
instruments, automated slide processing instruments, and
automated protein analyzer instruments.

31. The method of claim 27, further comprising updating
an mformation database to specily the location of each
sample container present in the automated analyzer system.

32. The method of claim 27, further comprising updating
the information database to specify the quantity of hiquid
removed from each sample container present in the auto-
mated analyzer system.

33. A method of automated analysis of a biological sample
in an automated analyzer system comprising the steps of:

(a) providing at least one reagent 1n a container having a

radio frequency 1dentification tag associated therewith,
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wherein the radio frequency 1dentification tag comprises
an mnformation device that contains information on stor-
age conditions to which the reagent container has been
exposed;

(b) interrogating a radio frequency identification tag on
said at least one reagent container to determine the infor-

mation on storage conditions for the at least one reagent
container, wherein said interrogating 1s carried out by
means of a radio frequency identification reader, and
said radio frequency 1dentification reader 1s capable of
reading signals from a plurality of antennas, said plural-
ity of antennas disposed 1n a plurality of banks of anten-
nas, cach bank of antennas capable of being attenuated at
a different power level, whereby physical differences 1n
between antennas and radio frequency identification
tags can be compensated for;

(c) comparing the information on storage conditions to a

set of acceptable storage conditions; and

(d) rejecting or accepting the reagent container for use 1n an

automated analyzer system, based on the comparing
step performed 1n step (c),

wherein steps (b), (¢) and (d) are automatically performed

by an automated analyzer system.

34. The method of claim 33, wherein said radio frequency
identification reader 1s further capable of writing information
to said radio frequency 1dentification tag and said radio fre-
quency 1dentification writes information to said radio ire-
quency identification tag.

35. The method of claim 33, further comprising the step of
performing at least one automated analysis of the sample
using at least one reagent container determined to be accept-
able for use.

36. The method of claim 35, wherein the at least one
automated analysis 1s performed with at least one instrument
selected from the group consisting of automated immunoas-
say 1nstruments, automated clinical chemistry 1nstruments,
automated hematology instruments, automated nucleic acid
analyzer instruments, automated slide processing instru-
ments, and automated protein analyzer instruments.

377. The method of claim 33, further comprising the step of
updating an information database to specity location of each
reagent container present in the automated analyzer system.

38. The method of claim 33, further comprising the step of
updating an information database to specify the quantity of
sample removed from each sample container present in the
automated analyzer system.
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